Diversity of the X-ray observations of dwarf nova are still not fully understood. I review the X-ray spectral characteristics of dwarf novae during the quiescence in general explained by cooling flow models and the outburst spectra that show hard X-ray emission dominantly with few sources that reveal soft X-ray/EUV blackbody emission. The nature of aperiodic time variability of brightness of dwarf novae shows band limited noise, which can be adequately described in the framework of the model of propagating fluctuations. The frequency of the break (1-6 mHz) indicates inner disk truncation of the optically thick disk with a range of radii (3.0-10.0)×10 9 cm. The RXT E and optical (RTT150) data of SS Cyg in outburst and quiescence reveal that the inner disk radius moves towards the white dwarf and receeds as the outburst declines to quiescence. A preliminary analysis of SU UMa indicates a similar behaviour. In addition, I find that the outburst spectra of WZ Sge shows two component spectrum of only hard X-ray emission, one of which may be fitted with a power law suggesting thermal Comptonization occuring in the system. Cross-correlations between the simultaneous UV and X-ray light curves (XM M − N ewton) of five DNe in quiescence show time lags in the X-rays of 96-181 sec consistent with travel time of matter from a truncated inner disk to the white dwarf surface. All this suggests that dwarf novae and other plausible nonmagnetic systems have truncated accretion disks indicating that the disks may be partially evaporated and the accretion may occur through hot (coronal) flows in the disk.
Introduction
Dwarf novae (DNe) are a class of cataclysmic variables (CVs) which are interacting compact binaries in which a white dwarf (WD, the primary star) accretes matter and angular momentum from a main (or post-main) sequence star (the secondary) filling its Roche-lobe. The matter is transferred by means of an accretion disk that is assumed to reach all the way to the WD surface. Ongoing accretion at a low rate (quiescence) is interrupted every few weeks to months or sometimes with longer durations by intense accretion (outburst) of days to weeks whereṀ increases (see Warner 1995 for a review).
The material in the inner disk of nonmagnetic CVs initially moving with Keplerian velocity dissipates its kinetic energy in order to accrete onto the slowly rotating WD creating a boundary layer (BL) (see Mauche 1997 , Kuulkers et al. 2006 for an overview). Standard accretion disk theory predicts half of the accretion luminosity to originate from the disk in the optical and ultraviolet (UV) wavelengths and the other half to emerge from the boundary layer as X-ray and/or extreme UV (EUV)/soft X-ray emission which may be summerized as L BL ∼L disk =GM W DṀacc /2R W D =L acc /2 (LyndenBell & Pringle 1974, Godon et al. 1995) . During low-mass accretion rates,Ṁ acc <10 −(9−9.5) M ⊙ , the boundary layer is optically thin (Narayan & Popham 1993 , Popham 1999 ) emitting mostly in the hard Xrays (kT∼10 (7.5−8.5) K). For higher accretion rates , M acc ≥10 −(9−9.5) M ⊙ , the boundary layer is expected to be opticallly thick (Popham & Narayan 1995) emitting in the soft X-rays or EUV (kT∼10 (5−5.6) K). The transition between an optically thin and an optically thick boundary layer, also depends on the mass of the white dwarf (also rotation) and on the alpha viscosity parameter.
X-ray Observations of Dwarf Novae in Quiescence and Outburst
The quiescent X-ray spectra are mainly characterised with a multi-temperature isobaric cooling flow model of plasma emission at T max =6-55 keV with accretion rates of 10 −12 -10 −10 M ⊙ yr −1 . The X-ray line spectroscopy indicates narrow emission lines (brightest OVIII Kα) and near solar abundances, with a 6.4 keV line expected to be due to reflection from the surface of the WD. Kuulkers et al. 2006 ). It has been suggested for DN in quiescence that if the WD emission is removed and some disk truncation is allowed, this ratio is ∼1 (Pandel et al. 2005) .
DN outbursts are brightenings of the accretion disks as a result of thermal-viscous instabilities summerized in the DIM model (Disc Instability Model; Lasota 2001 Lasota ,2004 . During the outburst stage, DN X-ray spectra differ from the quiescence since the accretion rates are higher (about two orders of magnitude), the BL is expected to be optically thick emitting EUV/soft X-rays (Lasota 2001 , see the X-ray review in Kuulkers et al. 2006 ). On the other hand, soft X-ray/EUV temperatures in a range 5-25 eV are detected from only about five systems (e.g. The spectra and response files were prepared in a standard way (task specextract is used) by choosing the source and the background photons using a suitable extraction box (10 arcsec in size) on the data strip using CIAO 4.4 and the CALDB 4.4.8 (see http://cxc.harvard.edu/ciao/). For further analysis, HEASOFT version 6.13 is utilized. The spectra were fitted with the multi-temperature plasma emission models (e.g., CEVMKL in XSPEC, see http://heasarc.nasa.gov/xanadu/xspec/) according to the expections from earlier work of DN analysis in quiescence and outburst. CEVMKL model is a multi-temperature plasma emission model (built from mekal code, Mewe et al. 1986 ) where Emission measures follow a power-law in temperature (dEM = (T/Tmax) α−1 dT/Tmax). The reduced χ 2 of the fits were above a value of 2 with either a single MEKAL model or CEVMEKL alone (the α parameter of the power law distribution of temperatures is set free) for days 6, 15, 30 after outburst. I added a second component of a power law which reduced the χ 2 values to desirable levels. In general, the plasma has variable abundance of N,O,Ne,Fe, and S. The spectral parameters for day 6 after the outburst were kT max =0.7-1.3 keV with a photon index of Γ=0.8-1.4. The X-ray flux of the thermal CEVMKL com- Harrison et al. 2004 ). The parameters for day 15 were kT max =0.5-1.5 keV and Γ=0.2-1.1. Between these two dates the X-ray flux of the CEVMKL component decreased by 2 and the power law component inceased by about 1.4 . For day 30 kT max =1.2-3.0 keV and Γ=1.5-2.0. Therefore, the X-ray emitting region gets hotter and the photon index decrease. The X-ray fluxes recover to day 6. The final observation on day 58 which is almost quiescence after the outburst shows kT max =26-46 keV and no power law emission is detected. The X-ray flux is the highest 4.4×10 −11 erg s
and L x is 1.1×10 31 erg s −1 (at 43.5 pc). All ranges correspond to 90% confidence level errors. The neutral hydrogen absorption has stayed at the interstellar level in all fits within errors. No optically thick blackbody emission is detected and only X-ray suppression of the quiescent emission is observed just like some other DN. The X-ray temperatures on days 6-30 are in good agreement with the LETG results as well. A model of three additive MEKALs yield acceptable fits on days 6-30, however allowing for very high X-ray tempartures. A partial covering absorber model improves the CEVMKL fits, however the high intrinsic absorption when modeled yields inconsistent count rates for the LETG observations.
Inner Disk structure using Eclipse Mapping Techniques
Flickering is a fast intrinsic brightness scintilation occurring on time scales from seconds to minutes (e.g., amplitudes of 0.01 -1 mag in the optical). It is observed in all accreting sources. Eclipse mapping methods have been used to reproduce the spatial distribution of flickering in CVs in the optical and UV wavelengths. Some eclipse mapping studies of flickering in quiescent dwarf novae indicate that mass accretion rate diminishes by a factor of 10-100 and sometimes by 1000 in the inner regions of the accretion disks as revealed by the brightness temperature calculations which do not find the expected R indicate an extra component from an extended optically thin region (e.g., wind, corona/chromosphere) evident from the strong emission lines and the P Cygni profiles. This study also indicates that the mass accretion rate may be decreasing 1-3 orders of magnitude in the inner disk region (divergence starts r≤ afew ×10 10 cm towards the WD).
Inner Disk structure of Dwarf Novae
The 
Propagating Fluctuations Model
Another diagnostic tool proposed to study the inner disk structure in accreting objects is the aperiodic variability of brightness of sources in the X-rays. ).The modulations of the light are created by variations in the instantaneous value of the mass accretion rate in the region of the energy release. These variations in the mass accretion rate, in turn, are inserted into the flow at all Keplerian radii of the accretion disk due to the stochastic nature of its viscosity and then transferred toward the compact object. Thus, variations are on dynamical timescales. This model predicts that the truncated accretion disk should lack some part of its variability at high Fourier frequencies, i.e. on the time scales shorter than a typical time scale of variability.
Broad-band Noise of Dwarf Novae
A recent work by Balman & Revnivtsev (2012) have used the broad-band noise characteristic of selected DN in quiescence (only one in outburst: SS Cyg) and studied the inner disk structure and disk truncation via propagating fluctuations model. The power spectral densities (PDS) expressed were calculated in terms of the fractional rms amplitude squared following from (Miyamoto et al. 1991 ). The light curves were divided into segments using 1-5 sec binning in time and several PDS were averaged to create a final PDS of the sources. The white noise levels were subtracted hence leaving us with the rms fractional variability of the time series in units of (rms/mean) 2 /Hz. Next, the rms fractional variability per hertz was multiplied with the frequencies to yield νP ν versus ν. For the model fitting a simple analytical model is used
, which was proposed to describe the power spectra of sources with truncated accretion disks (see Revnivt- , and this noise will show a break if the optically thick disk truncates as the Keplerian motion subsides. Balman & Revnivtsev (2012) show that for five DN systems, SS Cyg, VW Hyi, RU Peg, WW Cet and T leo, the UV and X-ray power spectra show breaks in the variability with break frequencies in a range 1-6 mHz, indicating inner disk truncation in these systems. The truncation radii for DN are calculated in a range ∼(3-10)×10
9 cm including errors (see Table 2 in Balman & Revnivtsev 2012).
The same authors used the archival RXT E data of SS Cyg in quiescence and outburst listed in Table 1 of their paper to derive the broad-band noise of the source in different states (i.e., accretion rates). For the outburst phases, authors investigated times during the X-ray suppression (e.g., the X-ray dips; optical peak phases of the outburst) and the X-ray peak. This, in turn is expected to indicate the motion of the flow in the inner regions of the disk and the geometry of the inner disk. Authors show that the disk moves towards the white dwarf during the optical peak to ∼ 1×10 9 cm and receeds as the outburst declines to quiescence to 5-6×10 9 cm. This is shown for a CV, observationally, for the first time in the X-rays (see Figure 2) . This is also supported with the optical data analysis of SS Cyg in quiescence and outburst (Revnivtsev et al. 2012) 
X-ray and UV Light Curve Cross-correlations
Balman & Revnivtsev (2012) calculated the crosscorrelation between the two simultaneous light curves (X-ray and UV), using the archival XM M -N ewton EPIC pn and OM data utilizing HEAsoft task crosscor. To obtain the CCFs (cross-correlation functions), datasets were divided into several pieces using 1-5 sec binning in the light curves and fitted the resulting CCFs with double Lorentzians since it was necessary for adequate fitting (see the paper for details). The CCFs for all the DNe show clear asymmetry indicating that some part of the UV flux is leading the X-ray flux. In addition, they detect a strong peak near zero time lag for RU Peg, WW Cet and T Leo, suggesting a significant zero-lag correlation between the X-rays and the UV light curves. The same authors also calculated the crosscorrelation between the simultaneous UV and X-ray light curves by subtracting the zero time lag components in the five DNe PDS, yielding more correct time lags consistent with delays in the X-rays of 96-181 sec (see the paper on details of the modeling). The lags occur such that the UV variations lead Xray variations which shows that as the accreting material travels onto the WD, the variations are carried from the UV into the X-ray emitting region. Therefore, the long time lags of the order of minutes can be explained by the travel time of matter (viscous flow) from a truncated inner disk to the white dwarf surface. Zero time lags (∼ light travel time) indicate irradiation effects in these systems since we do not have resolution better than 1 sec. An analysis on the RXT E data of SU UMa in quiescence and outburst following six consecutive outburts reveal a similar broad-band noise structure to SS Cyg in quiescence showing a break frequency ∼ 5.5-7.5 mHz with a truncated optically thick disk ∼ 3.8×10 9 cm. The preliminary analysis of the outburst data during the X-ray suppression episodes (optical peak of the outburst) indicates no disk truncation or a truncation around 0.1 Hz (see Figure 4) . Therefore, SU UMa indicates a similar behaviour of the disk during the outburst to SS Cyg where the inner disk moves in almost all the way to the WD during the optical peak and moves out in decline to quiescent location further out. The lower level of broad-band noise during outburst stage of SU UMa may be due to the high radiation pressure support of an optically thick disk flow during the peak of the outburst suppressing the variations. A similar PDS analysis of the XM M -N ewton data of the DNe, V426 Oph and HT Cas in quiescence reveals break frequencies 4.6-2.6 mHz and 7.2-2.8 mHz, respectively. The approximate Keplerian radii where the optically thick disk truncates is ∼ 6.2×10 9 cm and ∼ 4.5×10 9 cm, respectively (see Figure 4) . In addition, the outburst spectra of WZ Sge shows two component spectrum of only hard X-ray emission, one of which may be fitted with a power law suggesting thermal Comptonization of the optically thick disk photons or scattering from an existing wind during the outburst. The spectral evolution and disapearance of the power law component after outburst may support this issue and that the accretion disk goes back to its quiescent truncated structure and Comptonization stops.
Conclusions
A general picture of the accretion flow around a WD in quiescence thus might be somewhat similar to that of the black hole/neutron star accretors with an optically thick colder outer accretion disk and an optically thin hot flow in the inner regions where the truncation occurs (see Esin et al. 1997 , Done et al. 2007 ). The appearance of a hot flow (e.g., ADAFlike) in the innermost regions of the accretion disk will differ from that of ordinary rotating Keplerian disk because it is no longer fully supported by rotation, but might have a significant radial velocity component with sub-Keplerian speeds.
It is important to monitor DNe in the X-rays to measure the variability in the light curves in time together with the variations of the possible disk truncation and formation of plausible coronal (optically thin) and/or ADAF-like flows/regions on the disk in quiescence and outburst.
